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A ROCKET-POWERED

OFASPECTRATIO3

ANDINLINETAsLSURFACES

ByWarrenGillespie,Jr.

SUMMARY

An investigationwasmadeofa configurationhavinga body“of
finenessratio16.9, a 52.5°sweptbakkwingofaspectratio3, taper
ratio0.2,andNACA65AO04airfoilsection,andan inlinetailwhichwas
aeropulsedcontinuouslyinpitchduringfreeflightwithandwithout
a sustainerrocketmotoroperating.T!&Machnumberrangecoveredby
theinvestigationwasfrom1.4to2.3. Zero-liftdraganddrag-due-to-
liftdatawereobtainedduringcoastingflightof themodel.Normal
force,pitchingmoment,staticlongi~udinal.stability,~dwash andwake
effectsat thehorizontaltailwereobtainedwithandwithouttherocket
motorthrimting.

Modeldragat zeroliftwasnearlythesameas fora similarmodel
witha 3-percent-thickunsweptwingofhexagonalsectionandaspect
ratio3 (reportedinNACARM L55B1O),butdragdueto liftwasapproxi-
mately11to25percenthigher.Thevariationofliftwithangleof
attackwaslinearovertheangle-of-attacktestrangeof33.5°.The
variationofpitchingmomentwithliftwasalsolinear.Staticstibility
decreasedgraduallywithincreasingMachnumber.Upwashoccurredat the
horizontalail atMachnumbersabove1.5andanglesofattacknear11O.
Themaxtiumlossofeffectivedynamicpressureat thehorizontaltaildue
tothewingwakewasapproximately14percentofthefree-streamdynamic
pressure.Thecontinuouspitchingofthemodelinducedlateraloscilla-
tionshavinga maximmsmplltudeofaboutt2~0of sideslipata Mach

numberof2.
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INTRODUCTION

Supersonictestsofthinwingssweptwithinthe
indicatedthatabovea Machnumberofabout1.6only

. NACARM L~5112

Machconehave
a smallamountof

thetheoreticalleading-edgesuctionforcewasdevelopedat lifting
conditions.(Seerefs.1 to5.) Leading-edgeseparationandcompressi-
bilityarefactorstendingtoreducethemagnitudeofthesuctionforce.
At lowersupersonicspeedsthemagnitudeofthetheoreticalsuctionforce
isgreater.A_Lestofan aspect-ratio-3deltawingona bodyatMach
numbersup to1.X hasshownthatthemaximumlift-dragratiosforthe
flatwingwereapprodmatel.yhalfwaybetweentheratioscalculatedfor
conditionsofno leading-edgesuctionandfullleading-edgesuction
(ref.6). Recently,a 20-percentincreaseinmsxi.mumlift-dragratio
hasbeenrealizedat a Machnuder of1.2by theuseofa particular
methodofapplyingtwistandcamber(ref.7).

Theresultspresentedinthispaperarepartofa supersonicresearch
programutilizingrocket-propelledmodelstoinvestigateprimnrilythe
effectofwingconfigurationon dragdueto lift,lift,andlongitudinal
stabili~characteristics.A previousmodeltestedhada 3-percent-thick
unsweptwingofaspectratio3 andhexagonalairfoilsection(ref.8).
Thewing-offandbody-alonecharacteristicshavebeenreportedinrefer-
ences9 and10,respectively.

In thepresentinvestigationa modelha- anaspect-ratio-3wing
with52.5°quarter-chordsweep,taperratio0.2,andNACA65Ao04airfoil
section,andan tine tailwasflighttestedatMach’nunibersfrom1.4
to 2.3at theLangleyPilotlessAircraftResearchStationatWallops
Island,Va. Thehorizontaltail*S aerodynamicallypulsedbetweenstop
settingsof2.03°and-1.83°.T!&basicaerodynamicparsmetersinpitch
weredeterminedfromthecontinuousresponseofthemodeltotheflip-
floptailmotion.

.
SYMBOLS

cc

CL

CD

normal-forcecoefficient,

chord-forcecoefficient,

liftcoefficient,CN COS

drag coefficient,cc Cos

a- Cc sina
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pitching-momentcoefficientabout0.55~,

57.3qsE

normalacceleration,ft/sec2

longitudinalacceleration,ft/sec2

accelerationdueto gravity,32.2ft/sec2

-c pressure,lb/sqft

velocity,ft/sec

Machn&ber

Reynoldsnuniber,

weightofmodel,

wherereferencelengthis1 ft

lb

angularaccelerationinpitchdeter@nedbytwoaccelerometers,
radians/sec2

streamwisewingtwistdueto 100-lbloadat 0.50chord,
deg/100lb (seefig.9)

totalwingareatobodycenterline,4.00sqft

wingspan,ft .-

wingmeanaerodynamicchord,l.32 ft

angleofattack,deg

angleof sideslip,deg

horizontal-taildeflection,deg

momentofinertiainpitchaboutcenterofgravi%y,slug-ft2

ratioofeffectivedynsmicpressureathorizontaltailto
free-stresmdynamicpressure.

.
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Subscripts:

e elasticwing

r rigidwing

MODEL

A drawingofthetestconfigurationis showninfigure1. Thefuse-
lagewasa bodyofresolutionoffinenessratio16.9. ordinatesdefining
thenoseshapearegivenintable1. Thegeometricandwss character-
isticsofthemodelarelistedintableII. Theratioofthe~UM
dismeterofthebodytothewingspanwas0.168.A 52.5°sweptbackwing
(25-percent-chordline)ofaspectratio3 andtaperratioO.2andhaving
anNACA65AOOhstreamwiseairfoilsectionwasmountedonthebodycenter
lineinlinewiththehorizontaltsilwhichwasmassbalancedandpivoted
abouttheO.55-exposed-mean-aerodynamic-chordpoint.

Themodelwasofmetalconstructiontitha solidsteelwing. A
sus-inerrocketmotorwascarriedinsidet@ fuselageinadditionto a
telemeterwithangle-of-attack,”angle-of-sideslip,pressure,andacceler-
ometerinstruments.Themodelanditsbooster-arepicturedin the
launchingattitudeinfigure2.

TESTS

Datawereobtainedduringascentofthemodelafterseparationfrom
thebooster.Duringflightofthemodelalone,a square-wavepulsewas
continuouslygeneratedasthetailautomaticallyflippedbetweenstop
settingsbecauseofa reversalin directionofthetaillift.

Thequantitiesmeasuredby thetelemetersystemwereno?maland
longitudinalaccelerations,anglesofattackandsideslip,horizontal
taildeflection,andtotalpressure.ThevelocityobtainedfromOWDoppler
radarwasusedin conjunctionwithtrackingradarandradiosondedatato
calculateMachnmiber,Reynoldsnwiber,anddynamicpressure.Ground
rollsondeequipmentoperatinginconjunctionwiththedirectionaltelemeter
antennasignalfromthemodelindicatedthatthelevelofmodelrolling
velocitywasapproximately.1radianpersecondthroughouttheflight.The
variationof thefree-streamReynoldsnumberperfootlengthanddynamic
pressurewithMachnuniberisshowninfigure3(a).Therewasa coasting
periodbeforeandaftertheperiodofflightwithsustiinerpoweron. The
-es ofthem=dmumanglesofattackandinducedsideslipareshownin
figure3(b).

-. .—— ——— —.— -—-
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A solidalminwn-alloywingpanelhavingthesameplanformand
airfoilsectionas thesteelwingof theflightmodelwasstatictested
tomeasurethestresmwisewingtwistdueto loadingconcentratedalong
the50-percent-chordline.I?romthistesta setofstructuralinfluence
coefficientswasdeterminedforthewingoftheflightmodelforusein
estimatingtheaeroelasticreduction-inwingliftencounteredby the
modelduringitsflight.

ACCURACYANDCORRECTIONS

Therandomerrorinthedataisindicatedbythescatterofthe
experimentalpoints.Theprobableerrorofa telemeteredquantity
obtainedfroma singleinstrumentisapproximkely1 percentofthe
calibratedinstrumentrange.Presentedbelowaretherangesofthe
telemeterinstrumentsusedinthetestmodel:

Noseangle-of-attackindicator,deg. . . . . . . . . . . . .
Noseangle-pf-sideslipindicator,deg. . . . . . . . . . . .
Vertical-tailangle-of-sideslipindicator,deg . . . . . . .
No?malaccelerometerat thenose,g”umits.. . . . . . . . .
Normalaccelerometernearthecenterofgravity,g units . .
Longit@nalaccelerometer,g units. . . . . . . . . . . . .
Total-pressureindicatorsatnoseandtail,lb/sqin. . . .
Horizontal-tail-positionindicator,deg. . . . . . . . . . .

*10
*5
*6

*W
*4O

i--to -8
14to 100

*.25

Furthererrorsinaerodynamiccoefficientsmayarisebecauseof
possibledynsmic-pressureinaccuracieswhichareappro-tely twiceas
greatas theerrorsinMachnumber.TheMachnumbersareesttitedto
be accuratetotlpercent.

Examinationofplotsofthelongitudinal-accelerationdataagainst
normal-accelerationdataindicatedaneffectiveangular~s~bnt of
about1°forthelongitudinalaccelerometer.Theeffectofthismis-
alinementonthedeterminationof dragdueto liftis discussedlaterin
thesectionondrag.

An additionalsourceofinaccuracyinthefinalresultsmaybe
cross-couplingeffectsofinducedsideslipandrollingmotions.These
effectsasindicatedby figure3(b)wouldbe efiectedtobe scmewhat
greaterat thehighersupersonictestMachnuibers.

Measurementsobtainedfromthewind-vaaeinstrhentswerecorrected
forpositionerrorresultingfromflight-pathcurvature.Positioncorrec-
tionswerealsomadetomeasurementsobtainedfromthenormalandlongi-
tudinalacceler~tersmountednearthecenterofgratityofthemodel.
Thelossintotalpressuremeasuredat thehorizontaltailwasconverted

—.. —..—. . . . . __ ______ ____ ._ .— —— —.. .
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toaneffectivelossin dynamicpressureby assumingthelocalstatic
pressureat thetailequaltofree-streamstaticpressureandusingthe
relation

Then

RESULTSANDDISCUSSION

Drag

Figure4 showsa dragpolarata Machnumberof1.50.Theflagged
symbolsrepresentpointscorrectedforangularmisalinementofthe
longitudinalaccelerometermentianedpreviously.Thevariationshownby
thesolidlinewasobtainedinthemannerdescribedinreference8,by
plottingthehag coefficientagainstCL2 anddeterminingan average
curve.Thesolidlineandtheflaggedsymbolsgaveverynearlythesame
dragpolsrforthebasicallysymmetricaltestmodel.Ratherthancorrect
eachpointindividuallyforthismisalinementeffect,plotsof dragcoef-
ficientagainstCL2 weremadeat differentMachnumbersovertheMach

numberrangeofthetest.Dragduetolift

thesloyeoftheaveragecurve,andminimum
zerolift.

‘Dawasdeterminedfrom
dragwasMen tooccurat

ThevariationwithMachnumberofthedragat zeroliftisshownin
figure5(a). Thedragat zeroliftwasnearlythessmeasforthemodel
ofreference8 whichhadthesamefuselageandtailanda 3-percent-thick
unsweptwingofhexagonalsection,aspectratio3,andtaperratio0.4.

Shownin.figure5(b)isthevariationofdragduetolift. The

expression 1
57.TN

gavehigherdragup toa Machnumberofabout2.3.
a

—— -—.



At a Machnuniberof1.45thedifferenceisequaltoapproximatelyone-
halfofthetheoreticalleaMng-edgesuctionforce(calculatedfrom
ref.1). Thedragduetoliftforthepresenttestmodelwasapproxi-
mately11percenthigherthanthatoftheunsweptwingmodelofrefer-
ence8 ata Machnumberof1.5and25percenthigherata Machnumber
of2.0.,Insofaras dragduetoliftis concerned,thesweptwingmodel
appearstobe relativelyinefficient.

Inthisconnectionitisinterestingtonotethatthewing-body
dataofreferences11to 14atMachnumbersof1.61and2.01showthat
forwingsofaspectratio3.5,taperratio0.2,andthesamethinair-
foilsectiona 47°swept-wing-bodyconfigurationhasapproximately
6 percentlowerdragduetoliftthanthecorrespondingunsweptwing-
bodycombination.Usingdatafromreferences15and16andtherefer-
encespreviouslynoted,itispossibletomakethefollowingrough
estimateat a Machnuniberof2.01oftheprobableincrementsin drag
dueto liftbetweenthepresenttestmodelandthemodelofreference8:

a
Incrementdueto - ~L2
Sweep.. . . . . . . . . . . . . -0.02
wingthickness. . . . . . . . . +0.01
Wingsection. . . . . . . . . . +0.02
Relativewing-tail
interference. . . . . . . . . +0.03

+0.01Wingtaperratio. . . . . . . . —
+0.05higherforthepresentmodel

Thedifferenceremainingisapproximatelyequalto thesumofthescatter
ofthedataforbothmodels.

A furthercmparisonwiththemodelofreference16whichhada
45°sweptwingofaspectratio4 andNACA65AO04sectionindicatesapproxi-
matelythesanedragdueto liftata Machnumberof2.01. Thereappears
tobe verylittleimprovementinincreasingthewingaspectratiofrom3
to4 at aMachn@er of2.01.

TotalNormalForceandPitchingMment

Figures6 to 8 presentplotsofnormal-forceandpitching-mment
coefficientsandsummarizethevariationofthenormal-force-curveand
pitching-moment-curveslopeswithMachnumber.Figure6 showsthatthe
variationofnorml-forcecoefficientwithangleofattackislinear
withintherangetested.Thevariationofpitching-momentcoefficient
withnormal-forcecoefficientpresentedinfigure7 isalsolinear.
Thevariationofthenormal-force-curveslopeCNa withMachnumber

presentedinfigure8(a)is s&ilar“tothevariationsforthemodelsof
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references8 and9. At thesameangleofattack,theswept-wingmodel
developsonlyabout75percentoftheliftoftheunsweptwingmodel

dcm
ofreference8. Thevariationofthestaticstabili@parametir—

MN
withMachnumiberisshowninfigure8(b). Incontrasttothemodelof
reference8,thestaticstabilityoftheswept-wingmodeldecreased
graduallywithincreasingsupersonicMachnuriber.At a Machnuuiberof
2.0,theaerodynamiccenterofbothmodelswasappro~tely atthesame
locationalongthebody.”Itisindicatedthatthereshouldbesome
intermediatevalueofwingsweepthatwouldgivelittleorno changein
staticstabilitydueto changeinsupersonicMachnumberforanunswept,
inlinetailconfiguration.

WingNormal-Force-CurveSlope

Figures9, 10,andl.1pertaintothewingnormal-force-curveslope.
Althoughthetest~ wasofsolidsteelandlowaspectratio,thelarge
amountofsweepback,thina-lrfoilsection,andhighdynamictestpressures
madeanestimateoftheeffectsofwingelastici~onliftnecessary.
Figure9 showsthestreamwisewingtwistduetoa staticconcentratedload
appliedat0.70chordatfourlocationsalongthesemispau.Themethod
explainedinreference17wasusedto calculatetheratiobetweenthe
slopesofthenormal-forcecurvesfortheelasticwingandtherigidwing.
Theresults

r)

e showninfigure10fordifferentvaluesoftheloadlng
p$r~eter q CN where

()
CN isthenormal-force-curveslopeforthe

ar ar,
rigidwing. Figure11presentsthewingnormal-force-curveslope.llhe
curvefortheelasticwingwithinterferencewasdeterminedfrm figure8
asthedifferencebetweentheswept-wingtestmodelandthewinglessmodel
ofreference9. Itshouldbenotedthatthewingliftobtainedinthis
mannerincludestheinterferenceofthebodyonthewingandthewingon
thebodyandtail.Figures10and3(a)wereusedin correctingtothe
rigidwing. Thedashed-linecurvewascalculatedfromthewing-alone
theoryofreferences18and19andalsofromanunpublishedextensionto.
thewing-bodyinteractiontheoryofreference20. Forthepresentmodel
thewing-aloneandthewing-bodytheoriesgavenearlyidenticalresults
fortheforce-curveslopeVariationwithMachnmber,andthereforeonly
onecurveisshown.Thetheoreticalestinatesareappro~tely 25per-
centhigherthanthecorrectedrigid-wingvalues.Thepointata Mach
nuniberof2.01wasobtainedfromthedatapresentedtifigure10(a)of
reference16foranaspect-ratio-4,45°sweptwing-bodycombinationand
includesa smalladditionalliftduetothebody. k wouldbeexpected
atthis
ratio-4
usedin

lhchnumberwhenthewingleadingedgeis supersonic,theaspect-
winggives verynearlythesameliftasthe
thepresenttest.

aspect-r&tio-3wing

Tg%ii?.&!ii%%%
-——————.....—



NACARM L55112 co 9

FlowConditionsattheHorizontal‘I&U

Effectiveupwashatthehorizontaltailsurfacewasdeterminedat
thestartofeachtailflipwhentheliftonthetailwasassumedtobe
zero.Thefollowingequtionwasusedtoevaluatetheupwash:

Figure12showsthatfor

Upwash= -%ip -

Machnumbersabove1.5upwashoccurredatthe
horizontaltailatanglesofattacknear&lo.

I?igure13showsthepressurelossat theexposedmeanaerodynamic
chordofthehorizontaltailthatoccurredwhenthetailpassedthrough
thewakefromthewing. ThelossdecreaseswithincreasingMachnumber.
Figure14showsthatthemaximmlossofeffectivedynsmicpressureat
thehorizontalail varieduniformlyfrom18percentofthefree-stream
@namicPressweata Machnumberof1.4to10percentat a Machnumber
of2.2. Thelosswasslightlygreaterforthe3-percent-thickunswept-
wingmodelofreference8.

CrossCoupling

Thesideslipmotionthatwasinducedby
modeldidnotbuildupas sharplyas forthe

continuouspitchingof the
unswept-~ modelof -

reference8 forwhichmaximumsideslipoccurredatlows~ersonicMach
numbers.Forthepresentswept-wingmodela max5mumamplitudein side-
slipofaboutMi” occurredat a Machnuniberof2 eachtimethemodel

traversedthisMachnuniberregion.Thesideslipamplitudeata I’&ch
numiberof1.4wasaboutb percentlower.Thesuddenvariationof
sideslipincrement(~) showninfigure13ofreference8 wasnotso
welldefinedforthepresentmodel.TheperiodsofoscilJ_ationinpitch
andsideslipwerethesame.Thesideslipangle p wasverynearly
equalto zeroatmaximumangleofattackandviceversa.

. CONCLUDINGREMARKS

An investigationoflift,drag,andstabilityofa rocket-propeld.ed
modelhavinga -52.5°sweptwingofaspectratio3,tiperratio0.2,and
NACA6~AOmairfoilsection,andinlme tail
followingobservations:

&q=-j

surfacesleadstothe

. . ..—_ .— —--—— —.—___ _ ——. -— _
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1.Dragat zeroliftwasnearlythessmeasfor

samebody-tailanda 3-percent-thickunsweptwingof
andaspectratio3 (reportedinNACARM L7~B10),but
wasappro~tely 11to25percenthigher.

NACARML55112

a modelhavingthe
hexagonalsection
dragduetolift

2.Thevariationoflifttithangleofattackwaslinearoverthe
angle-of-attacktestrangeoft5.5°.Thevariationofpitchingmoment
withliftWas dSO linear.

3. StaticstabiliwdecreasedgraduallywithincreasingMachnumber.

4.Upwashoccurredatthehorizontaltailatllachnumbersabove1.5
andanglesofattacknearfl”. Themaximumlossofeffectivedynamic
pressureat thehorizontaltailduetothewingwakewasapproximately
14percentofthefree-streamdynamicpressure.

5. Thecontinuouspitchingofthemodelinducedlateraloscillations
10ofsideslipatMachnumber2.havinga ~wn amplitudeofabout*2Z

LangleyAeronauticalLaboratory,
NationalAdvisoryCamnitteeforAeronautics,

LangleyField,Vs.,August31,1955.
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TABLEI.-CONTOURORDINATESOFNOSE

Station,
in.fromnose

o
.06
.U
.24
.48
.73
1.22
2.00
2.45
4.80
7.35
8.00
9.80
=.25
13.12
14.37
14.70
17.15
19.60
22.05
24.50
25.00

Bodyradius,
in.

0.17
.18
.21
.22
.28
.35
.46
.64
.73
1.24
1.72
1.85
2.15
2.50
2.61
2.75
2.78
3.01
3.22
3.38
3.50
3.50

h..!. ;,.-.--

NACARM L55112
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TABLEII.- CHARACTERISTICSOFMODEL

wing:
Span,ft . . . . . . . . . .
Area,sift . . . . . . . .
Aspectratio. . . . . . . .
Taperratio . . . . . . . .
Sweepbackof,0.25chord,deg
Meanaerodynamicchord,ft .
,Airfoilsection,streamwise
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.
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.

.

.

.

.

.

Body:
Maximumdiameter,ft
Basediameter,ft .
Length,ft.....
Finenessratio. . .
Boattailangle,deg

Horizontaltail:
span. . . . . . . .
Aspectratio. . . .

0.58
0.42
9.85
16.9
2.16

. .

. .

. .

. .

. .

. .

. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

1.85
2.7
0

.

.

.Sweepbackof0.50chord,
Airfoilsection. . . .

Verticaltail:
Span,ft . . . . . . . .
Aspectratio. . . . . .

deg
. .

. .

. .

4 percenthexagonal

. . . . . . 1.67

. . .. . . 1.09

.. . .. . 70

. . . . .. 15
Sweepbackofleadingedge,deg
Sweepbackoftrailingedge,deg
Airfoilsection. . . . . . . .

Modelweight,lb -
Withsustainerrocketloaded. .
Withsustainerrocketempty . .

l/4-inchbeveledflatplate

. 197.1

. 153.2
.
.

.

.

.

.

.

.

.

.

.

.

.

.

. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Momentofinertiainpitch,slug-ft2
. .
. .

. 26.7

. 23.8

.

Withsustainerrocketloaded.
Withsustainerrocketempty .

Centerofgravitywithsustainer
loadedorempty,percent5 aft
edgeof”meanaerodynamicchord

. .

. .

ofleadimg
55. . . . . .

–—. -—. —.
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